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ABSTRACT 


$U»e*  ISM,  iliF  U.  A  NRL  ha*  had  a  rontlnaing  stadv  of 
nuHfiqriH.*;;  Ui  air  along  Ihr  Mlh  meridian  (Weal).  The 
year  IMO  brougM  prugreaaive  dtt-reaMi  in  airtxirne  fiaaiun 
prodnrt  radiiiartivity  ihuugh  Ihe  rate  id  deereaae  with  lime 
«aa  Blgnlftcantly  lean  than  daring  ItSt.  Oaring  IMO  the 
nrlivily  levela  In  the  Northern  and  Southern  Memlapherea 
gave  indiraliuna  ofappruaching  niuilibriam  which  auggeati-d 
that  iranaequaiorUI  mixing  In  the  alraloaphere  doen  urrar 
hM  with  a  mean  Ufelime  ol  aeveral  years  (or  the  proreaa. 
k::iwever,  two  years  after  the  reasation  of  the  nujor  nuclear 
leal  programa.  dtlferenrea  in  Ihe  fission  product  rompoat. 
Hons  of  the  two  hemiapiierrs  siill  exist. 

Tkc  relatively  small  amounts  of  radiuart.vity  generated 
hy  the  Prench  nuclear  tests  tn  Ihe  Sahara  produced  only 
transient  efUrta  at  a  few  sites  along  Ihe  Mth  rtierldlan.  The 
interpretation  of  almoophertc  mixing  patterns  from  meaa> 
orensenta  of  Ihe  conrenlrationa  of  the  kinger>Uved  ftaslon 
products  tn  Ihe  air  oraa  nut  aigniflcaally  affected  hy  these 
fresher  debris,  fission  produci  ratios  involving  some  of 
Ihe  nhurler«livrd  fisaionpruthirlactKl  ducument  the  presence 
of  debris  frum  the  February  I960  leal  in  a  band  extending 
from  Miami.  Florida.  tuGcayaquil.  Ccuadsir.  with  the  suggea. 
tlunihal  small  amouaits  of  debris  did  appear  in  other  arras. 
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nSSION  PRODUCT  RADIOACTtVT TY  IN  THU  AIR  ALONG 
THE  DOTH  MERIDIAN  (WEST)  DURING  I960 


WTPODUCTION 

Thr  I'.ocram  o(  mt-aKurt-mcni  of  Ihv  liKkion  prudurl  radiuariivily  in  (hr  air  al  icnmiid 
lt‘vrl  alodK  (hr  SOlh  mi'ridian  durtnK  Hm*  past  yearn  hai>  pruvt'd  rKceediniily  worthwhile  in 
rurrelalini;  the  latituttinal  variatlunn  of  raciiuai  tivity  with  truponpherie  and  NtratuKpherie 
•ourees  of  iiu<'tear  det>riB  (1-3).  The  atiM-nre  ut  any  ItrKe  wale  nuelear  testlnit  during 
the  pa«i  two  year*  h.<*  p«'rinilte<l  the  inveatiKaiiun  of  »iratUKpheric  fk-podllun  proeenws 
with  a  ir.inimuni  of  interfereiirr  from  •imtUr  debris  introdueed  dirertly  Into  the  trupu- 
•ph  err.  In  1960.  radituelivity  level*,  rxrrpi  tor  Ihi-  period  immediately  followinit  the 
Prenrh  nuelear  tests  in  the  Sahara  (4).  were  suffieiently  low  to  require  some  mudlfiration 
of  previouslv  used  eolleetiun  wheir.rs  to  maintain  the  ih'slrrd  stallstiral  arrurary  in  luunt- 
tnt;.  Purther  changes  in  the  future  are  indtealed  as  the  fissicat  product  eunerntratiun  eon. 
tinue*  to  decrease-.  Thr  lew  activity  levels,  unfortunately,  required  a  decrease  In  the 
numiter  of  collectlnit  station*  in  operation  durina  I960  iiecause  of  the  lun|{  countinit  limes 
required  of  each  sample  to  obtain  reasonable  slatisliral  accuracy.  The  rua|M'ratin|C  site* 
durini;  I960  are  listed  in  Tahir  t;  the  cbuice  was  made  on  the  basis  of  iceoitraphiral  lu>  a  - 
tion,  with  emphaeis  on  site*  at  low  altitude*. 

This  pruqram,  a*  in  past  years,  has  Iwcti  operated  by  Ine  U.  S.  Naval  Research  LaU>. 
ralory  with  the  « uoprration  of  interested  attmcirs  of  the  Unilid  Stales,  Canada,  Ecuador, 
Peru,  (Vilicia,  and  Chile  which  nave  made  the  a<  lual  sample  rollectiuns  and  forwanted  them 
to  NRL  I'  l'  analysis.  Parti.l  (inanrial  support  of  this  proyram  has  twen  oliiainrd  from  the 
Uivtsion  ot  Bioloity  and  Mcdicose,  V.  S.  Atomir  Enrricy  CommissKsi. 


EXPERIMENTAL  PROCEDURE 

Cunlln'sius  samplins  of  particulate  radtuaclivc  material  in  the  air  al  y;round  level 
was  performed  al  1 1  low  allilu'te  sites  ahsiK  <he  HOth  meridian  (srest)  and  at  two  hiyh 
kltilude  sites,  Chai  altava.  Dolivia.  and  Mauna  laia,  Hawaii,  al  com|>aralil-  latitudes  north 
and  siMalh  of  the  equabir. 

The  sampiinK  priM'itfure  invofvtd  drawing  air  cimtinuouslv  al  a  known  «ale  (atiyirovi. 
malely  1200  i  uisc  meters  |>er  clay)  through  high  effieieniy  filter*  8  inches  in  diameter  l'\ 
use  of  positive  displacement  Mowers.  Tillers  w<  re  changi  d  three  tunes  |M'r  wet  k  and 
forwarded  imm<-<liat-  ly  to  NRL  lor  assay  lor  gross  activity  two  week*  after  coPectiis). 
a*  deserilxd  elsewhere  (2)  R.ofiochemieal  anaivsee  were  (wr'ormid  tsi  rollections  Irom 
each  site  lor  the  motdt.s  of  January,  March.  May.  July.  Saptemlwr.  and  Novcmls  r  1960 

The  longer  *  impling  times  were  necessllatisl  Inf  the  lower  fission  product  aetivilv 
prevail  nt  in  the  .iir  during  I960.  This  |ow«-r  a«  tiMtv  also  requirid  the  use  of  low-level 
(ountlng  techniques  (anlieiiinetdinec  counting  in  ha  avily  shielihd  equipment)  to  oM.iin  the 
desirid  act  urarv  in  measurement  of  the  ratlKs  hemieally  sa'parated  nuclide*.  Thi'se 
counters  were  stamlardi/id  in  late  I9S9  and  again  in  early  1961  using  radioactive  standards 
of  known  disintt  gratnsv  rat)  s. 

Sr '  Irom  the  various  samples  was  determined  liy  separating  out  amt  t  imiiting  the  V*' 
daughter  activity  and  also  liy  eounling  the  equililirium  mlvture  of  Sr*  -Y*  and  comparing 
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tt  With  a  alniiUrly  preparni  Sr'''>V'*’  aUndard  aowrra.  In  the  ahaenee  of  fre-sh  drturia 
I'tailainlna  >r**,  aa  drtrraili^d  hy  ittr  aliaifirr  t4  radic.arllvlly  in  the  Ce‘*‘  and  V**  frae. 
tiofia,  the  Utter  pruiedurr  in  preferred  tireauae  of  ita  Inherently  greater  arcurary  due  tu 
the  fewer  proreaning  atepa  reipiired. 


RESULTS 

CrtMiB  Eiaaiun  Proihiri  CimrentratKaia  in  thi-  Air 

Tfie  montMy  average  grin**  fission  product  ronemtratlima  are  hated  in  TaWe  t. 
Monthly  pr  fllea  of  the  gross  fissleti  p.  uduet  .■  ai  livity  in  the  ground- level  air  along  Hie 
BOlh  meridian  are  showi^  in  Pig  I.  There  are  s«  lerat  pmnta  of  Interest  in  these  profiles, 
first,  the  great,  tad  short-lived,  iniloenee  of  the  frenrh  iesi  of  fehruary  13,  l#<!0  on  ihe 
groar  radioaellvHy  In  Ihe  region  ledw«*en  M  N  and  2  S  la  apparent.  The  ahaenre  of  di-hris 
from  thiB  lest  in  of!  cr  areas  was  ronfirmid  liy  ladns  hemiral  analyses  which  indie.iti  d 
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iWKliKible  quanlitiM  of  aoiw  of  the  »l>or*»?r-liv«l  riamon  products  (Cc‘‘‘,  Sr*‘.  Y^'.  Pr“’ 
Nd'”  etc.)  in  00111*011008  from  these  areas.  A  mure  detailed  presentation  of  rtdtuat  t:vity 
changes  assoolaled  sulk  this  first  Prenob  atutiiir  test  is  given  in  Fig.  2.  The  effect  of 
the  passage  of  the  radloaotive  cloud  or  clouds  would  be  even  mure  atifMreiil  (parlieuiarly 
at  Miami)  if  the  results  had  been  plotted  <jn  a  linear  scale,  rather  than  on  a  logarithmic 
scale.  Due  to  the  backgruund  activity  remaining  afte:  the  first  French  test  and  the  increas 
ing  rale  of  slralospherlr  ■fallout*  during  this  season,  debris  from  the  second  smaller 
French  lest  lould  not  he  identified.  Some  information  on  these  nuclear  tests  is  includ':*d  in 
Table  9.  Analyses  of  collections  made  in  May  1960  indicated  that  removal  of  debris  from 
these  tests  was  esi>enlially  complete  during  the  period  of  I  to  2*  1/2  months  which  had 
elapsed  since  the  explosions.  IliiB  rapid  deposition  of  material  Introduced  below  the  trop- 
opause  IS  to  be  expected  and,  in  fart,  may  lie  evisi  more  rapid  in  these  latitudes  than  else> 
where  due  tu  the  fre<|uent  ocrurrenre  of  b-avy  rainfall  In  the  tropirs. 
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During  1940  ‘he  gross  activity  in  the  gnsmd. level  air  o(  the  Northern  Hemisphere 
underwent  the  ex|»Tlid  seasonal  changes,  though  they  we.-e  confused  to  some  extent  by 
Ih*  French  tests.  TImsp  seasonal  changes  arc  more  aoparrni  In  the  Sr*"  data  presented 
in  a  later  seetton  |(  is  of  interest  that  in  lh<-  &.-uthcrn  Hi'mlS|>her<  ,  white  ther-  were  less 
fdivious  seasonal  rlferts.  the  overa!!  cr<«s  fission  priwtuet  eoneen.'ralions  did  not  deetiee 
markedly  during  the  year.  Thi*  would  irutirate  a  replenishment  of  (hi’  Southern  Hi  misphere 
stralosph.'rle  souree  at  a  rat*’  lommcnsorate  with  th.il  liy  which  It  was  Is  iiu;  d<  nl.-lct  tiv 
deposition  and  radioa-  ti»e  ilciav 
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InfortnjlKm  on  Iht-  1460  Fn-nrh  NiK'Iciir  Tvsls 
In  itK’  Sahara  Drst-rt  Near  Ni'iii’.anr,  AUirriu 


. .  ' 

Oule 

— 

Yield* 

First  Arrival  of  Debris 
at  80th  Meridian 

February  13 

IQH 

Detwi  en  February  24-26,  1960 

(see  Fig.  2) 

April  1 

B9 

Nut  Ide-ntifiid 

Des'ember  27 

m 

Bt'lween  January  C-9,  196] 

1*  t,i(  —  intttrtii-ition  Iruid  r 

■t<  i  Oltnt*. 


Prutsrt'KMVr  i-hanttc*  in  the  KruKit  (iHMon  proriurlK  in  Ihr  air  at  ncvcral  rurrfRpnndinK 
Nurlh<-rn  and  Suuthrrii  Hi  nii!'«i>h<-rf  riU  k  durinK  ihi-  paM  two  year*  ar<‘  ahown  in  Fii;.  3. 
IXrrint;  Huccffdinc  iki'anunat  minima  In  Ihf  Northern  Hi'mliiphi-rf,  th«-  air  ronri-ntraliunN 
of  (iHhion  produi'tH  at  Waihinitton  and  Miami  (li|i|M-d  lower  and  lower  until,  in  Ine  fall  of 
19^0.  the  ai'tivity  levelti  al  Ihi  iM-  aiies  Were  no  hiither  than  at  AntulaKaMa  and  Santiago. 

It  ml(!hl  I*'  extH-et-d  that  at  th<-  RtaMmal  minimum  during  1961.  thi-  Northern  Hemisphere 
values  will  lie  mu<  h  Is  low  those  of  the  Southern  Hemisphere.  With  iVpIetion  of  thi-  exi  es* 
radioaetivity  In  the  northern  siralo.-^pheri'.  the-  eorrespoisling  seasonal  effeets  in  the  South¬ 
ern  Hemisphi  re  should  also  lu-roroe  more  evidi-nt  sinee  the  rilative  quantities  of  debris 
erossing  from  Norih  of  th«‘  equator  would  be  less  signifieant. 

The  raiiioai  In ily  tkillt  ins  during  I960  exhil.iled  lh<'  eanii  lot'in  as  has  Ihtii  I'oiispii'. 
wnis  durim;  past  years,  nainetv.  maxima  in  the  midiantudi'e  of  laeh  hemi.siih*  re  with  a 
minimum  in  the  Tropies.  TIm- highest  levels  of  aelivilv  were  at  Miami,  Florida,  dur'tig 
(he  winter  and  spring  of  1960.  shifting  norlhward  lo  Washington.  D.  C..  lor  the  Summer  and 
autumn  seasons,  in  a  manner  ofmervi-d  in  prior  years  (?).  A  similar,  though  weaker,  north 
ward  shift  appi  an-d  to  is  i  ur  at  the  same  lime  in  the  Southi  rr.  Hemisphere. 
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A  luriher  iivm  ol  nme  ia  th»  ronalstt  ntly  large  oiffercnee  in  ratfioaetivity  conrenlra- 
Uona  at  Muosonee  (SI  N)  as  compared  to  Punta  Arenas  (S3  S),  which  exceeds  greatly  the 
ratios  of  activity  at  any  other  corresponding  sites.  This  may  tx*  pcrlu;>s  attri*Mitabtf  lit 
the  lack  of  any  sigrlfleant  source  of  radiiMCtivity  in  the  tower  antarctic  siraloKphcrr  (ir 
pt'rhaps  to  a  (tifference  in  the  meteorology  of  the  two  regions.  Uthcr  investigators  have 
reported  the  Influx  of  fissloii  produets  and  (4  Rh  tracer  from  high  atilliide  shots  of  the 
Hardtack  series  into  the  upper  stratuspht're  at  the  higher  latitudes  ot  both  hemispheres: 
(5);  the  information  presented  in  this  report  suggests  that  radioactive  debris  trom  these 
tests  (Teak,  Orange)  have  as  yet  had  no  measurable  eifert  on  the  ikslributinn  of  radio. 
acUvily  al  the  earth's  surface. 


Radiochemical  Analyses 

A  summarv  of  the  radiochemical  analyses  of  compoMtle  uKsithly  .xir-flttcr  eailections 
made  chirlng  IMO  Is  presented  in  Table  4  in  units  of  disinlrgrations  per  minute  per  KM 
standard  cubic  meters  of  air  and  corrected  for  radioactive  deeay  totfae  midpoint  of  tbrr 
collection  period.  Sc-veral  activity  ratios  are  also  lisitd;  these  are  lUscussed  in  later 
scctiiws  of  the  text.  Where  available,  preliminary  dita  from  the  radtoehemlrai  analyses 
of  combined  January.  February  1441  samples  are  included  in  the  graphical  presenbations 
which  tollow. 


Sr*'  in  the  Air 

Th*  average  Sr*’  cancenlralions  In  the  air  at  the  various  s.tes during  alternate  HHsiths 
arc  shown  graphically  in  Figs.  4.4.  In  the  North  Tempi'rai.-  Zone  (Fig.  4).  the  spring  max. 
innim  of  1040  is  well  defined,  as  was  the  1950  maximum,  with  a  peak  (spring  lOSO)  lo  valley 
r  1340.61)  ratio  varying  (rom  about  3  at  W.ishMi.'^lon  to  10  at  Miami  This  may  he 
.  t.inparid  to  1359  with  maximum  ^minimum  ratios  in  the  range  of  10  to  4Z.  The  effwtive 
hall  lime  of  ih'crease  of  lh«' Sr ronrmtration  tollo  vipg  the  spring  peak  was  about  40 
(lavs  ihiring  the  intcrvii  Julv-Scidc.’nU  r  1960  i  owparco  with  30  days  during  1353.  The 
changes  arc  altributable  to  depletiim  during  1050  of  much  of  the  excess  stratospheric 
radioartiviiy  ar  lurialed  with  the  USSR  tests  of  1054.  InieresUngty,  the  maxima  and  minima 
appeared  earliest  at  th<-  Miami  siK  during  both  1959  and  1940;  during  1040  lhe.«e  changes 
occurred  earlier  at  Thule  than  cither  at  MuuMsirv  >r  Washingtisi. 

Ill  I  he  South  Terapi-rale  Zone  (Fig.  5).  Sr*  eisu  eiiiratns.s  show  lU'Onitt  increase!*  at 
Antufagasia  and  Santiago  ikiring  the  SoutiM-m  Hemisphere  spring  season.  However,  this 
SI  aMical  rifeci  is  mif  as  pronounreil  at  Puerto  Muntt  and  Punta  Arenas  and  occurs  at  a 
latir  time.  |n  the  Tropics  (Fig-  4)  there  Is  a  rather  disilm-|  oiit.{if>phsiie  relattonship  In 
the  Sr  "  concenlra'lons  at  the  sties  chovr  and  below  't-e  equator.  It  wMition  to  the  sea. 
sonai  maxima  and  minima  there  mav  be  ofher  rflerla  assoeialed  with  rlunging  rainfall 
patterns  (dry  and  rainy  seasons)  whi  h  can  distort  the  general  activity  l(rvels.  The  French 
nuclear  test  of  February  1940  also  coniribuied  lo  the  Sr*'  activity  during  March,  most 
imfSTtantly  at  Miraflorca  and  Guayaquil.  There  is  an  unexplainable  secundarv  peak  in 
almosnherir  ra<li»aci|vity  at  all  Snithem  H«'mlspherr  sites  during  March  which  docs  not 
app<  ar  lo  fs-  reialcd  *ilhcr  lo  tiM-  French  tests  or  to  activity  levels  In  the  Northern 
Hc'ni»(/here. 

Profiles  of  Sr*"  along  the  B^Kh  meridian  ihjring  the  periods  of  the  seasonat  maxima 
and  minima  are  shown  in  Fig.  7.  For  compariiusi  ihc  profile  foe  January  13(!0  is  shown 
lo  indn  ale  the  disIributKan  during  an  ll•lerm•■d'a^e  p*  riod.  It  should  he  noted  that  Ihc  .tala 
f<ir  Ml  isie  m'Silh  will  d<  pu  l  acrura;ely  the  profib-s  during  periods  of  maxima  and  mtnma 
ts*r-;-.se  of  the  differi'nt  limes  of  occurri'm  e  at  lh»  various  sites,  ft  Is  evident,  tn>W!  v'er. 
lhal  di'cidrd  sea«<w  I  chances  do  occur  which  ar*  roughly  six  months  nut.of-ph.isc.  j« 
might  tie  cxp»-<  led.  Thi  jsisilioo  of  Mnr‘m'im  activity  aiwuvs  lies  within  Ihc  Iroincs  IniC 
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Ahirta  wtih  Umr  toward  the  arra  of  iKr  M-aBotait  minimum.  Thia  rhanRe  may  itc  du<<  l<i  (h<- 
•hid  (rf  a  twit  at  rainfall  with  M-aaon  aaaorialrd  with  rhanRfa  m  iHa  mrttvruloRU  al  i-qualr  r. 


ConlrllMtian  of  8r  ”*  to  the  Groaa  riaaion  product  Activity  In  tta  Air 

bi  past  yi-ara  an  Indication  of  an  a|ipar«nt  aRC  uf  radioacUva  detirin  ticinit  culItTlcd 
could  br  ratimaicd  from  iIm>  ratio  uf  Sr*  to  lAr  Rfona  activity  (S).  During  the  low 
Irvria  of  (roa*  fisaiun  product  activily  haw  mad*  its  vatimation  tif  Iraa  reliability;  mure 
alipiillcantly.  howcvi-r,  tlic  relat;w  contribution  uf  the  lonc'llvcd  natural  radluarUvity 
(RaD-RaE)  has  incrraacd  to  a  potnt  where  It  may  be  coRtrlbutins  a  aiaeable  traction  of  the 
total  |i  actnity  o'eaaured  (Table  4).  Recaune  of  the  Iflcampleteneaa  of  data  on  this  radio¬ 
active  rcmpuncni,  't  la  not  practical  to  make  a  correction  for  itn  rontrlbulion  to  the  sroaa 
it  activity.  R  la  et  ident.  on  the  other  hand,  that  freah  activity  with  Its  rhararteriBttr  low 
Sr^/gr-Mui ,)  a<  tivity  ratio  waa  collected  at  Miraflorea,  Maana  boa,  Miami,  and  Guayaquil 
during  March  Ikdi. 


Activity  Renos 

r*"  “Y*'  “  “  The  ratios  of  Ce  activ  iiy  .0  ar  “  activtty  In  the  air  at  rorreaponding 
arcaa  oTitie  Noribern  and  Southern  Nemiap^rea  during  IlSt  and  IMO  are  shown  in  Pir.  I. 
Eullowinit  the  spring  peak  uf  ISM  In  the  Northern  Remlaphere  the  Cv  '*/Sr*  ratio  decrrasetl 
more  lapidly  than  the  rate  eapectrd  for  radioactive  demy  akwe.  Thia  effect  was  the  result 
of  the  depletion  of  the  younger  siratosphrrir  source  ul  drbris  from  the  USSR  October  ISM 
lest  series  with  the  resulting  rcUilvely  greater  rontribution  of  older  debeia  Irom  more 
southerly  ka  ail'd  siralvHtpherir  sources.  During  the  spring  of  IMO  there  was  no  indicaiiun 
of  a  scos'll  I'  flj«  01  voungcr  iMtris  from  the  USSR  source,  confirmicig  its  •  sMetii.tl  (t(-|>|i'. 
llisi  or  x.inplcle  inligralton  thriwyh  mixing  during  the  preceding  year,  in  liie  Southern 
HemlM»her»  there  a|ip<-ar«'d  to  Im  some  influx  of  older  di-tiria  during  Si'ptemtier.Novemler 
ISM  which  I*  (on*i«l(nl  with  the  me  reaned  ruolrllxillim  «>f  ukter  debris  from  an  anurclic 
source  (reaultmg  Irom  the  South  steward  migration  of  tropiral  iMirisl.  No  such  change 
waa  evident  (hjcmr  ISSO. 

The  changes  in  the  Ce'*VSr''  ariivily  rattus  during  ISSO  do  indirale  a  sluwlv  approach, 
•ng  rquillhrium  a»  limiod  transa-qualoriai  mixing  progresses.  A  comparimin  of  ihe  Ci'"V 
Sr  *'  a<  livii)  ratios  in  IIm-  two  areas  during  July  I9SS  with  those  during  July  ISSO  mdiralea 
a  leatening  (d  ihe  age  diflrrentlal  between  the  flsaloa  product  ronglomerstea  m  the  steal, 
oapheric  stairces  uf  supply,  this  age  dilfereace  decreaaed  from  about  T  monlha  to  about 
S  months  in  a  year's  lime. 

Ce'”_Pm'j^  -  The  decrease  in  the  C*  "'/Pm  *”  activity  ratiea  with  tiuie  is  show*  tit 
Pig.  f  aimf  IS  eBsml.ally  at  Ihe  rale  eapectrd.  The  dintculty  in  mmmting  Ihe  Pm"*  aampl<‘ 
-vith  Its  ,<  particle  of  low  -nergy  so  as  to  repcothice  reliably  Ihe  aelf.aheorptton  character, 
islics  of  Ihe  aamplr  n  pruhshly  the  asafoc  cause  for  the  spread  in  values  of  this  egno. 

There  appear  to  hr  no  ayaiematir  diifrrrncea  in  ike  t\'  '*ypm"'  ratio*  in  the  lumplev 
from  the  iwo  hrmi«|ih<'rea  m  contrast  to  the  Ce'^'/Sr*  I'tina 

Ca‘'’/Sr*'  -  The  Ca*'yfk*"  activity  ralloa  listed  in  Table  4  are  gtnt^rallv  in  Ihe 
nei(rt>t''>rhi*i«f  <*(  I  S  (SOT  in  range  I.SO  O.IJ|  with  a  aeriatdary  grouping  Iwtow  t.5.  All 
of  Ihe  Miami  aamplea  had  latiua  in  Ihia  latter  grouping;  Ihe  Blgnlftrance  >'*  this  differ  -ncr 
la  unkfMiwn 

The  varlall'm  in  counting  rale  of  restum  samples  has  hern  found  in  many  raxes 
due  lo  Ihe  »irt  of  Ih--  rryxialliles  of  CsClO,,  which  is  Ihe  mounling  kirm  of  the  earner 
The'  larger  aggregates  ran  cause  an  appreelabir  |t>xx  In  Ihe  measured  actmlv  due  l<>  the' 
Inrrrasefl  self,  jixsirptlon  of  the  sample  However,  this  laetetr  dors  not  ar«  e»unt  for  the 
faet  that  all  of  the  Miami  samples  hate  low  CB"ySr  ''  aelitllr  ritio* 
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of  AlUlucfc'  Ml  RrUllvr  Fis»ion  PruriiM-l  CunrentiaHons 

Tt<«  rlMri(<<«  in  the  reUllve  activity  Irvriii  at  a  pair  of  tilyh  attitucte  nitch  aiKl  4lt>a  at 
a  pair  ul  mica  near  a«-a  level  at  eumparable  lalit;^'-*  North  and  South  of  the  equator  are 
ahuwn  in  Flit.  10.  The  low  altitude  aitea  ahow  the  accentuated  peak-to. valley  relationship 
expected  as  a  result  of  uut-oi.phaae  seasonal  chanicra  In  drposiitan  rates  in  the  two  hertii- 
apherea.  This  same  relationship  is  found  fur  grtias  ,i.  Pm'*’,  and  Cs"’’  aa  well  as  fur  the 
depleted  Sr*’  and  Ce  activities.  An  entirriy  dilfere;.*  pattern,  confirmid  by  all  the 
activities  measured,  la  evident  in  the  rumpariaeai  of  activity  renerntrse‘  ais  at  the  hiyh 
altitude  alien.  The  hiyh  value-  c<  the  north-tu.suulh  ratio  in  January  IBftO  is  due  to  the 
lew  activity  rollecled  at  ChacaiUya  at  that  time;  the  1961  (rota  d  acUvity  measurements 
Indicale  that  a  more  nornul  variation  will  be  obtained  duriny  1961.  Perhaps  the  only  sly- 
nlflrancr  of  these  data  la  that  it  indirates  that  the  activities  at  yround  level  are  not  ne>ret- 
aarily  related  to  those  at  hiyher  levela  overhead  In  the  troposphere.  Peirson.  et  al..  have 
alreaety  pointeo  ewi  a  differene  e  betwee-n  airatoapberlr  and  tropoapheric  air  over  Bnyiand(6). 


%• 


« 

* 


>  1^  .  I‘*  •  ^  »  »<  4(1  t  r  t  t  »•  >.  t 
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CuntritiolKms  ot  liardtark  l>eliristo  Atinosfihe  rir 
Conlaminatlon  Ikirlny  1960 

As  explained  in  ih-tail  in  prevnms  reports  (l-3>.  Ilw  W  produi  id  u.rii|ui  Iv  in  Uii 
U  S  Harillat  v  si-ries  al  lh«  Pai  i(n  Proviny  tlrounds  dunnp  19511  •  an  Is  ii*i-il  i<>  <  shm.iti 
lh«'  roelritiulum  of  tin  si  !•  sis  to  the  Ki  r.i  ril  aliiios(ihi  rii  nmfaminatlon  Tl''  r<  s  i-.  mlli 
I  ii'fil  W'*'-  ft  niJinin^*  i«  tin  iir  tlufim*  lt»r  r<  jwifuItU'  dl«  it  **1  ihiA 

lf>  ti6-  M.if<  h  in  ih*  .Sittjfht  rn  H*  .fntl  IvjI-  m  li  t 
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Hortbern  Hrmisphcrr.  Removal  proceasek  a*  well  n»  rad^uartive  deray  were  respuoHible 
lor  the  '  >w  levels  of  W“*  activity  rncountereo. 

The  coniributbiti  of  Sr*°  from  the  U.&  Hardtack  lest*  to  the  total  Sr*"  in  the  air  at 
various  sites  durinx  early  III60  is  shown  In  Table  S.  These  ralrulatiuns  are  based  on  the 
Assumpti’jn  of  a  W  ^/Sr*“  activity  ratio  at  500  fur  Hardtack  debris  as  of  July  IS.  I9S8. 

The  contributions  u'  Hardtack  Sr'*‘  to  the  total  were  ess'  iitially  unchanfted  (within  expc'r- 
imenlal  error)  when  compared  snth  rorrespondini;  periods  of  I9SB  (3).  In  both  1959  and 
1960  the  percentaite  of  Hardtack  debris  decreased  markedly  c'l'init  the  sprint;  in  the  North 
ern  Hemisphere;  during  the  periods  January>March  of  1959  and  I960  no  sigi-.ificant  change 
occurred  in  the  Southern  He  misphere. 


Table  S 

Contrlbutlcm  of  Sr* From  V.  8  Hardtack  Tests 
to  the  TMal  8r*  in  the  Air  During  I960 


sue 

tUrdlark  Sr*  (prrrcnt  ol  total  Sr*l| 

Jan. 

Mar. 

May 

July 

Thule 

14 

9 

6 

13 

Mousunre 

13 

ta 

5 

7 

Washinglcat 

U 

10 

6 

6 

Miami 

14 

■■ 

6 

II 

Mauna  fan 

12 

1 

* 

M.raflores 

<4 

WM 

15 

16 

Guayaquil 

13 

n 

* 

Lima 

14 

16 

(0 

Chacallaya 

tt 

Antofagasta 

16 

13 

hanliago 

14 

13 

Pue  rto  Mewit 

16 

10 

Punia  Arenas 

19 

•• 

It  had  liern  thought  that  the  rapid  drplrtion  of  radioactive  debris  Iron*  the  USSR  1958 
tests  would  result  in  an  increased  percentage  risitribullon  o'  U.8.  Hardtack  debt  's  during 
the  period  of  peak  falliMit  in  the  spring  of  I960.  Thia  doec  not  appear  to  lie  the  rase,  how. 
ever,  and  suggests  tlut  U.6.  Hardtack  d-brls  also  had  a  last  fallout  rate  during  1959  The 
actual  W  concmlrafion  .n  the  air  in  the  Northern  Hemisphere  during  Ih  •  spring  o(  19^ J, 
whe-n  correrlcd  lor  chc  ay  to  the  rorrespunding  perlist  in  1959,  Is  otilv  30-I5T  o|  the  195# 
v,>lo«-.  which  winiid  irKlirate  that  over  3/4  of  Ihe  W  '''.rimUininf  Har'ttji  k  deliris  dIsap. 
p<-arcd  from  Ihe  Nor'hern  Hemisphere  reservoir  in  a  year's  lime.  The  lew  ralculatiiM.s 
possible  (SI  Ihe  deplrlnm  rate  of  Hf  In  Ihe  Southern  H  misphere  Indlrale  that  the  rale  is 
dellnilrty  less  than  in  Ihe  Northern  Hemisphere,  unfortunatelv  >  lomivinson  can  b  made 
during  the  period  of  (leah  Southern  Hemisphere  fallout  tsvause  of  insuffl'  cnl  V.’  arlivitv 
at  that  lime  to  warrant  isolation  of  ti.-s  radomuc  tide 
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ConlrilMUon  of  French  Nuclear  TenU  to  Atmospheric 
Contamination  During  1960 

As  Indicated  in  an  earlier  section,  debris  from  Ike  French  sacicar  testa  of  February 
■nd  April  1960  were  detected  in  a  ralht^r  narrow  band  lying  between  16  N  and  2  S  along 
•he  OOlh  meridian.  Radiochemical  analyses,  however,  did  indicate  Ike  presence  of  trace 
ifuantHies  of  some  of  the  shorter-lived  fission  products  Is  a  muck  wider  area  (Thule, 
Greenland,  to  Antofagasta,  Chile).  Outside  the  primary  area  of  detection  the  contribution 
of  Sr  ■■  from  the  first  French  test  to  the  total  present  in  the  air  dwing  the  month  of  March 
I960  was  aegligiNe,  as  indicaled  In  Table  6.  However,  the  overall  comribution  of  hr" 
from  this  source  amounted  to  about  lO'l  of  the  total  burden  of  hr"ia  the  tropospheric  air 
along  the  SOth  meridian  during  March.  On  the  basis  of  fission  yield  comparisons  alone, 
it  la  obvious  that  this  lest  contributed  less  Ihsn  O.lli  to  the  worM-wuie  Inventory  of  Sr" 

(a  fission  yield  of  60-70  kllotcais  vs  a  total  fission  yield  eareedbig 90  megatons).  The  fact 
that  only  traces  at  the  shorter-lived  srliviliea  (Ce  Sr".  V'l)  were  detected  In  the  May 
coUeettona  from  a  few  sites  and  ’amc  were  found  In  any  of  the  ioae  coUectlona  would  Indt- 
cale  that  negligible  quanttiiea  of  these  debris  could  have  entered  the  stratosphere. 


Table* 

Conlribution  of  French  Test  ot  13  February  1960  to  Total 
Sr"  tn  the  Air  at  Various  Sties  During  March  1960 


Site 

[  Activity  (dis 'miti.'lOO  s.c.m) 

CcmtrtbHtian  »f 

m 

Sr" 

E4|ui  valent  f 

8r" 

TMal 

French  Test 

% 

Thule 

0.16 

0  0016 

0.9U6 

0.16 

Mooso'iee 

0  56 

0  0014 

0.656 

6.10 

Washington 

0.65 

0.0039 

0.940 

6.4t 

Miami 

7.J 

0.044 

1.51 

3.9 

Mauna  Ian 

31.6 

O.IN 

1.39 

f.l 

Mirafkircs 

78.Q 

0.470 

0.956 

99.6 

Cuaya<|uil 

15.7 

0  095 

0.170 

96.0 

Lima 

0.34 

0  0.  n 

0.1 15 

l.a 

Chacattaya 

0  16 

0.0016 

O.lll 

1.3 

Aniufagasia 

0  10 

o.ooes 

0.303 

6.6 

Santiago 

0  0 

0  000 

0  360 

6.0 

Purrtu  Mtmli 

0  000 

0.311 

6.0 

Punts  Ariftss 

0  0  1 

0  000 

l'.163 

0.0 

orr»i(<‘'l  l»»r  |l  J'ih,  I  '!>(*, 

t  IIj  inf  "Z'.  •  "  '  il  ...  .*1  I  *.*•  *1  I  in«-  .<1  f  i  *  *  ;f»f> . 


NalursI  Radiuactivity 

At  some  future  lino  .  lurrinr  m-w  rcIcjM's  irf  (ihsmw  products  thnniith  nuclear  lentintt. 
studii  •  u(  air  mnlicinit  usinr  ratlloirai  er  It  chnntuen  will  nf  ncei  rsoily  depend  «in  the  natu¬ 
rally  iMrurilny  radiixii  llvi-  i  whIHi  .-n'l*  i»l  ihe  almoKphere.  The  WHh  meridian  pr'i»rram  oi 
radiiK  hi-mii  al  tnal  m  »  of  air  «an. ,i|-  ■  :»f'*  red  an  i  net  Ib  nl  opportunlfy  to  ohliin  some 
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■lucb  newicd  information  on  lh«  liackground  Irvt  ia  of  ra(tlu>a>D  fPb“^  in  ihc  air  ovt-r  a 
vide  rangp  of  Ulitudra.  Sumr  renulls  of  auih  mrasumnrnl«  were  reported  earlier  in 
thlA  proipram  (T)  but  the  analyses  were  diseortinued  brrause  of  their  interference  with 
the  more  important  W  determinations. 

Pb^.  because  of  its  22<year  haif.life  and  its  sourer  in  the  decay  of  radon  which,  in 
turn,  ,  .  .  ..iitted  over  most  land  areas  of  the*  Klotie  in  comparable  concentratiuns.  mlKhi  Im’ 
eiuteried  lo  tie  a  useful  tracer  for  lcmic>term  air  movements.  The  data  collected  ho  far  in 
this  pro|rr-tm  do  tndlcalc  that  at  ground  level  the  averaice  concenlrallons  at  a  ftlven  site 
can  vary  widely  from  month  to  month;  there  is  inHulficirnl  data  on  hand  presently  t;>  't  ier- 
mine  If  these  variations  are  annual,  seasonal,  or  rtoxtinm  As  seen  in  Table  4,  there  is  a 
definite  latitude  dependence  of  Pb*'  *  with  the  lowest  runcenlralions  in  Ihe  more  southerly 
regiana.  Other  data,  not  yet  reported,  show  Ihe  Pb'''  euncciil ration  to  lie  even  lower  at 
the  South  Pule.  This  trend  Is  what  would  be  expected  for  a  auurce  of  radon  and.  conse. 
qwently,  Pb'*"  in  arras  where  land  is  more  plentiful,  followed  by  progressive  deposition 
ol  Ihe  Pb**”  by  natural  processes  during  its  migration  southward. 

An  mdieatian  that  retaiiv^iy  high  Pb**"  canrentraUons  exist  at  high  altitudes  Is  shown 
by  data  lor  tiaunx  t/ia  and  Chacaltaya  where  the  Pb""  euncentration  is  romparablt  to  that 
at  lower  elevations.  The  quantity  of  Pb'*”  that  would  he  produced  locally  near  Kaw«il 
might  be  r.xpri  led  to  be  negligible,  so  that  thi’  activity  level  tmcounl.Tid  at  Mauna  L»a 
should  orrrspund  in  general  to  that  at  10.000  fret  altitude  and  SO  N  latttuih-. 

It  Is  of  iiiivresl  that  Ibr  quantity  of  Pb*'  Isolated  from  samples  during  I960  shnweti 
It  to  be  a  ma|or  contributor  to  the  gross  atrtximc  radioactivity  in  many  areas  and  indii  atts 
sw  h  iiieasuremcnls  of  gross  ,(  activity  to  be  of  disibtiui  value  at  iIh'  present  time  This, 
again,  points  up  the  neeessiiy  (or  Ihe  determinatiun  of  specific  radionuclides  by  radio* 
chemical  or  oth.'r  techniques  i*  any  meaningful  intrrprrtallun  of  atmospheric  radiiuctivity 
roncentraliuns  is  lo  hr  atirmptrd. 


DISCUSSION 

Since  Ihe  conclusion  of  Urge  si'air  nuclear  li  sling  in  I9SA,  there  has  been  Ot>ta.nk<! 
unambiguous  evidence  of  a  strong  siasunal  variation  in  the  rate  of  influx  of  siraiosphcnc 
bomb  debris  into  Ihe  IroposptM  re  of  the  Northern  HemlsplW'rr.  Two  such  spring  maxima 
have  been  dm  umenied  and  a  third  I »  evid«-nt  from  preliminary  data  Iro.n  1961  i  ollei  tnur' 
The  first  clear  evidence  of  a  spring  maximum  in  Ihe  Sisilhern  Hemisphere  was  ol>laiiii  d 
■  hiring  I960  and  ii  was.  as  expel  tid.  roughly  6  imwihs  out  of  phase  with  lltal  in  tin  Nurili- 
ern  Hemisphere,  ft  is  iM  refore  evident  that  the  same  meteorological  pr'iresses  involving 
Ihe  si'aaonal  varuiion  in  mixing  of  stratospheric  and  IropusptMTfc  air  are  operating  in 
both  hemispheres,  in  the  past  these  eyries  in  ;hv  Southern  H«'mis|)herr  had  ts-en  oliseured 
by  Ihe  transequatorial  migration  of  debris  from  the  areas  of  higha-r  coni  entralion  in  ihe 
North.  It  might  hr  expected  that  the  seasonal  cycles  in  Ihe  two  areas  will  Ik  more  nearly 
comparable  in  magnitude  as  the  activity  levels  in  the  two  arras  become  more  nearly  equal 

In  spile  of  the  high  rale  of  depletiisi  of  Ihe  stratospheric  rrserv  iir  of  fissitm  prislui  t 
activity  during  19M  from  rapid  fallout  of  ihfs  is  lium  ihe  t9SA  USSH  tests,  a  rtmsideral<:i 
quantity  of  activity  still  r<  man  s  undeposilixf  If  Northern  Hemlsphi>re  conccnlralions  of 
artivilv  in  lh<  ground- level  air  aie  rortipiri-d  al  corresponding  periods  of  I9'i9  ami  1960, 
half  rf’Sldencr  limes  as  short  as  3.S  nwKilhs  (January'M.itrh|  or  exceeding  12  nionlliK 
(Nov.-mtHTl  can  be  oMained,  The  longer  periist,  otgained  al  a  lime  of  minimum  inline  nee 
of  any  arctic  debris,  must  !»•  r<  tiled  to  Ihe  removal  rate  of  debris  from  Ihe  equatorial 
slratospfH-re.  the  shorter  lime  is  rrUted  lo  the  fallout  of  arelir  debris  Mlgr.tiiim  o(  ,fi  hris 
across  the  equator  in  Ihe  siralosptere  must  rause  some  of  llw"  otiserveit  depletion  so  Ih.il 
the  true  hall-rrsidi'nce  lime  must  exc,-ed  one  year  in  the  Iropieat  stralospheri  tor  the  pres- 
enl  s{Hiiial  'veri.'cair  dislrii>ui‘.«n  ig  da-bris.  Pretiininxry  Sr*'  data  tor  .Imuarv-f  e(  r  lai  \ 
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IMl  whan  compared  vith  Jammrf  IMO  ladicale  an  even  kHifcr  tatf-reddeticc  time  (30 
■Math*).  This  la  the  trctm  Uial  tmuld  be  expected  aa  the  arctir  Jebria  became  teaa  prom- 
iacMt  and  thua  the  later  valuea  ahovid  more  clea.*ly  represent  the  tme  hatf-realdence  time 
o(  the  tropical  aource. 

In  the  Sowthem  Hemiaphere  compariaona  of  actielty  levela  darinf  the  aucceaaive 
•aoteaiher.Hovember  perioda  ol  peak  (alknit  in  lOSO  and  IMO  aho*  aa  actaat  increase  in 
■r**  concastration  at  ground  level  nrhich  indlcaie  an  overall  iucreaae  hi  the  burden  of  Sr** 
in  the  atratoepbere  over  the  Southern  Hemisphere.  Preliminary  data  from  early  IMl 
Indicate  that  this  trend  is  continuing.  The  rate  of  aouthward  tranafar  of  material  ncrosa 
the  cdpator  in  the  upper  atmoaphere.  therefore,  '-eeeded  the  rale  of  depletion  of  the 
Southern  Hemiaphere  reservoir.  Qimlitatiyety,  a  mo,  concluded  flat  the  half-time  of 
Iraaaeouatortal  nUstng  ‘a  the  stratoaphere  is  of  roughly  the  aama  amgaitude  aa  ihe  half  • 
Haas  of  depoaitioa  (rum  the  atraioapheric  reaervoir  is  the  Tropics,  aaamly  aaversl  yearn. 


CONCLOBIONS 

Dt>r>r.g  th"  psct  yar  itzzc  U.-m  a  fOMAiuKinbi*  tlucranse  in  fasMun  product  radio- 
activity  concenirationa  in  the  ground-level  air  of  Ihe  Northern  BanUdphere,  but  in  the 
•oulhem  Hemiaphere  an  actual  rise  in  the  concenirationa  of  kaig-livod  (Isaion  products 
has  been  ahserved.aa  a  result  of  traaaedualorial  .'Ulalag  in  the  straioaphere.  The  rate  of 
change  of  acUvity  levels  with  Uaae  in  the  Northern  Kemiaphare  has  decreased  markedly 
aa  the  older  debris  above  Ihe  Tropica  become  the  dominant  aource  of  taag-Uved  Rsaioa 
products. 

A  half-reaidcnce  time  of  several  years  is  Indicaled  for  debris  preaenlly  locaicd  ia 
lha  tropical  alralosphere;  the  half. period  of  mtaing  scroaa  the  etpiator  ia  of  Ihe  aaaee 
ma«Utude. 

The  existence  of  spring  peaks  in  fission  product  levels  In  both  hemispheres,  altrib- 
utsble  solely  to  eeanonal  variations  in  the  meteorology  of  thr  upper  atmosphere,  have 
been  documented.  Preliminary  iNta  from  IMl  collet  ti'sis  indicate  that  the  expected 

Northera  Hemiapbere  aprlng  Increase  is  underway. 

The  anclear  testa  held  by  Prance  In  the  Snhnra  produced  only  transient  effects  on 
Ihe  radioacuvity  of  the  sic.  with  Ihe  bulb  of  the  short-lived  acUvIty  appearing  in  a  rather 
narrow  band  (W  N  to  3  8|.  The  rapid  depletion  run  lime  of  fission  proAtets  of  moderate 
half-iivrs  (one  to  two  months)  indirates  ihsl  negligible  quantities  of  debris  Irom  these 
tests  could  have  entered  the  siratoephere. 
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